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Basin-Margin Depositional Environments of the Fort
Union and Wasatch Formations in the Buffalo-Lake

De Smet Area, Johnson County, Wyoming

By Stanley L. Obernyer

ABSTRACT

The Paleocene Fort Union and Eocene Wasatch Formations along the east
flank of the Bighorn Mountains in the Buffalo-Lake De Smet area, Wyoming,
consist of continental alluvial fan, braided stream, and poorly drained
alluvial plain deposits. The Fort Union conformably overlies the Cretaceous
Lance Formation, which is marine in its lower units and nonmarine in its upper
part.

The formation; dip steeply along the western margin of the study area and
are nearly horizontal in the central and eastern portions. This structural
configuration permits the reconstruction of depositional environments as an
aid to understanding: (1) the evolution of the Bighorn uplift and its effects
on the depositional patterns marginal to the uplift during Paleocene and
Eocene time and (2) the changing depositional environments basinward from the

margin of the uplift during a relatively small period of time in the Eocene.



The upper half of the Lance Formation is characterized by 1ight-
yellowish-gray sandstones, dark~gray shales, and minor carbonaceous shales.
The Tower member of the Fort Union Formation differs from the Lance in that
its sandstones are brown, ferruginous, and resistive in character. The upper
half of the Fort Union is characterized by locally thick boulder
conglomerates. The fine-grained, coal-bearing facies of the Wasatch consist
of interbedded yellowish-orange sandstones, siltstones, mudstones,
carbonaceous shales, and coals. To the west, near the Bighorn Mountains, the
sandstones become conglomeratic and the coals rapidly thin and disappear. The
Kingsbury Conglomerate and the Moncrief Members are conglomerate facies which
front the Bighorn Mountains and are correlative to parts of the Wasatch coal-

bearing strata.



Along the western margir of the study area, a composite vertical section
displays a general upward increase in grain size with at least three major
angular unconformities: these mark the basal contacts of the conglomerate
member of the Fort Union and of the Kingsbury and Moncrief Members of the
Wasatch Formation. Reddish-colored strata cap most of the process-controlled
genetic units' within the conglomerate member of the Fort Union. Such reddish
strata are less conspicuous in the Kingshury Conglomerate Member, occurring
sporadically in sandy lenses within the conglomerates, and are absent in the
Moncrief Member of the Wasatch Formation. The conglomerates vary considerably
in size of boulders, thick.ess and lateral extent of massive conglomerate
beds, and amounts of sandstone and siltstone. Al1 these factors help to
identify the major drainages emanating from the Bighorn uplift to the west.
Hence, the growth of the uplift is reflected in the stratigraphy. Uplift of
the region resulted in the retreat of the Late Cretaceous sea. Then, in turn,
alluvial piain sandstones, siltstones, and mudstones of the upper Lance and
lower Fort Union Formations gave way to the alluvial fan and braided stream
deposits of the conglomerate member of the Fort Union Formation and of the

Kingsbury Conglomerate and Moncrief Members of the Wasatch Formation.

1A process-controlled genetic unit is defined as a deposit resulting
primarily from the physfca], chemical, and biological processes operating

within the enviromment at the time of deposition (Weimer, 1975).



The Wasatch Formation in the central and eastern portions of the study
area displays a rapid and relatively sharp change from alluvial fan and
braided stream deposits to a poorly drained alluvial plain sequence
represented by meander channel, levee, crevasse splay, paludal, and lacustrine
deposits. The change from one depositional environment to the other is marked
by a very thick, linear, carbonaceous shale and coal sequence, the Lake De
Smet coal bed, which ranges from approximately 20-75 m thick. From an area
north of Lake De Smet, the bed extends at least 24 km southward. Its extent
south of Buffalo is undetermined. The Lake De Smet coal bed is quite narrow
compared to its length--in most places it is no more than 1-3 km wide. Its
western boundary is quite sharp; the coal fingers out into thin carbonaceous
shale and coal stringers which pinch out abruptly westward. Braided stream
deposits characterize the strata west of the ccal seam. On the east, the coal
splits into five major mappable coal beds, each of which possesses significant
coal reserves. The coal beds which are correlative with the Lake De Smet coal
bed include the Ucross, Murray, Cameron, Healy, and Walters. Intervening
deposits between these coals consist of related alluvial plain deposits. The
sandstones in this interval are very fine to medium grained and well sorted;

they persist as thick, regionally extensive sheets.



The unusual thickness of thé Lake De Smet coal bed refiects a delicate
balance between tectonics and sedimentation.. The coal bed's great length,
narrow width, and orientation (with its long dimension roughly parallel to the
uplift) suggest that a basement fault may be a controlling factor in the
coal's location and formation. Relatively greater uplift on the west
prevented coal formation there, while relatively greater subsidence on the
east resulted in a splitting of the coal bed with substantial clastic
intervals separating the coals.

7 INTRODUCTION

The purpose of this study was to recreate the depositional environments
and to propose a depositional model for the area which might explain the
anomalously thick Lake De Smet coal bed and the wide range of high-energy to
Tow-energy continental deposits which flank this coal bed. "Lake De Smet" is
used throughout this study to identify the thick coal bed described by Mapel,
Schopf, and Gitl (1953) in the Lake De Smet area, which extends southward for
an unknown distance south of Buffalo. To accomplish this objective,
stratigraphic studies of the lower Tertiary deposits related to the coal beds
were done to provide a bettef understanding of the tectonic controls governing
the location, thickness, and geometry of coal beds adjacent to an area

undergoing active uplift.



Location

The study area is along the east flank of the Bighorn Mountains in
ndrthern Johnson County, Wyoming (fig. 1). Lake De Smet is along the northern
boundary of the study area. Buffé]o is in the southern portion of the study
area at the intersection of Interstates 1-90 and I-25 and U.S. Highway 16.
Most outcrops are within walking distance of county roads. Topographic relief
is as great as 450 m where the conglomerates crop out along the western margin
of the area, while elevation differences in the clinker-capped butte
topography in the eastern portion seldom exceed 120 m.

The study area encompasses approximately 517.8 km2.
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Methods cf investigation

Fieldwork was done during the summers of 1975 and 1976. Mapping and
stratigraphic studies were restricted to bedrock geology; that is, to pre-
Quaternary deposits. Mapping was limited to those localities where there was
disagreement with existing maps or there was a need to map to understand the
stratigraphy. In addition to displaying the outcrop pattern and structure of
the older rocks flanking the Bighorn Mountains along the study area's western
margin, plate 1 (in pocket) shows primarily only that geology which was mapped
during the course of the fieldwork. Portions of the conglomerate contacts
were extended from the field observations on the basis of aerial photograph
interpretations. U.S. Geological Survey topographic maps (scale of 1:24,000)
were used ‘for field mapping. Outcrops were described in detail for lithologic
types, sedimentary structures, and fossil content, and fossils and lithologic
samples were collected for additional study. Twenty-seven thin sections, some
of which had to be precemented, were made of sandstones and limestones of the
Fort Union and Wasatch Formations. However, most of the lithologic samples,
because of their poor consolidation, were studied under a binocular
microscope. Four pollen samples were analyzed for age datirg purposes. Logs
of 55 drill holes, ;anging from 6 to 212 m in depth, were obtained from the
USGS and from various industry sources for subsurface studies of the Lake De
Smet coal bed and adjacent strata. Drill hole data obtained from the USGS
included those previously reported by Mapel, Schopf, and Gill (1953) and Mapel
(1959) and those for drill hole B-1, located within the city limits of Buffalo
(Farrow, 1976). The data existing for most of these holes are in the form of

brief lithologic descriptions. Mechanical logs were run for only a few holes.



Previous work

barton (19065 mapped the Bighorn Mountains and the flanking sedimentary
deposits at the beginning of this century. Only within the last 25 years has
subsequent mapping begun to replace portions of his original work. Geologic
maps by Mapel (1959) and Hose (1955) were the principal sources of data used
during this study.

Darton (1906) gave the name “"Piney formation" to strata in the study area
that are now divided into Lance and Fort Union Formations, and "De Smet
formation" to the fine-grained, coal-bearing sequences near Buffalo-Lake De
Smet and eastward. He also gave the name "Kingsbury conglomerate" to the
conglomerate forming Kingsbury Ridge southwest of Buffalo but did not
recognize the conglomerate as a lateral equivalent of his De Smet Formation.
On the basis of fossil evidence, Wegemann (1917) split the Piney Formation
into the Cretaceous Lance Formation and the Paleocene Fort Union Formation and
assigned the name Wasatch Formation to Darton's De Smet Formation. He noted
that the Kingsbury Conglomerate was Eocene and interfingered with the
Wasatch. 1In 1924 (Geol. Map of Wyoming) the Kingsbury was made a member of
the Wasatch. Sharp (1948) described and named the "Moncrief gravel." Love
and Weitz (1951) were the first to consider the Moncrief as a member of the
Wasatch Formation. Studies relating to stratigraphy and depositional
environments for the Tertiary deposits will be cited in the text in

appropriate places.



General geoloay

The outcrop pattern and structural asymmetry of the Powder River Basin
resemble the shape of a pelecypod shell, with the umbo region in the Buffalo-
Lake De Smet area. The Paleozoic and Mesozoic deposits show relatively broad
outcrop patterns and shallow dips along the eastern side of the basin near the
Black Hills uplift, whereas narrow outcrop bands and steep dips prevail along
the central portion of the east flank of the Bighorn Mountains. The dips
become Tess steep to the north and south along the east flank of the Bighorns
(fig. 3).

The same generalizations can be made for the lower Tertiary Fort Union
and Wasatch Formations. Dips, in general, are steeper west of Buffalo and
Lake De Smet than anywhere else in the basin. However, dips of Wasatch strata
within the study area abruptly flatten to nearly horizontal within 6-8 km of

their westernmost outcrops.
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The asymmetrical basin and the fault block uplift of the core of the
Bighorns, with the blanketing sediments draping over the uplift in anticlinal
fashion, are typical of Rocky Mountain tectonics. The doubly plunging
synclinal axis of the Powder River Basin, as shown on the Madison Limestone by
Swenson (1974, pl. 1) (fig. 3), is a few kilometers east of Buffalo and Lake
De Smet. The deepest portion of the basin is near Kaycee, Wyo., approximately
65 km south of Buffalo. Structural relief exceeds 9150 m from the Towest
point in the basin to the top of the Bighorn uplift. Utilizing electric logs,
Curry (1971, p. 56) demonstrated that the depositional axis of the lower
Tertiary deposits coincides with the structural axis of the basin. Along this
axis, the thickest deposits, and the inferred region of greatest subsidence in
the Powder River Basin during the early Tertiary, are near Lake De Smet and
Buffaio (fig. 4). Hence, the region of greatest subsidence in the early
Tertiary does not correspond to the area of greatest subsidence during pre-

Tertiary depositional episodes.
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Major structural features within and adjacent to the study area are
intimately tied to the tectonic interplay between the uplift and basin crustal
blocks. Steeply dipping, north-south faults cut Mesozoic and lower Fort Unicn
strata in Mowry Basin. Local thrust faults extend from the North Fork of
Crazy Woman Creek 24 km southwest of Buffalo to the Piney Creek Fault system
north of Story on the north.

I; the Tertiary strata to the northeast, a northwest~-trending graben at
the north end of Lake De Smet was drilled by oil companies. A few northeast,
east, and northwest faults are mapped in the coal-bearing strata (pi. 1).
Strong parallel drainage patterns within the study area follow these same
structural trends.

Moderately plunging, eastward-trending anticlinal structures encompassing
Kingsbury Conglomerate Member and older strata occur at Mowry Basin and the
southern end of Kingsbury Ridge. A synclinal structure of similar attitude
occurs west of and includes Kingsbury Ridge (pl. 1). HNumerous anticlinal and
synclinal structures with less than 60 m of closure were mapped by Mapel
(1959) in the coal-bearing strata east of Lake De Smet and Buffalo. These
structures are probably the result of differential compaction between coal and
clastic sequences.

Numerous Quaternary pediment deposits cap many of the ridges west of
Buffalo and Lake De Smet. Some pediment deposits emanate directly outward
from the mountain front or from lower Tertiary conglomerate ridges, while
others exist as erosion-remnant buttes away from the mountains. Clinker-
capped buttes blanket much of the study area east of Lake De Smet and

Buffalo. Colluvium and alluvium dominate much of the remaining landscape.
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"It is too easy to go into a field situation expecting or hoping to find
this or that, for invariably you come out having fcund what you wanted.
Selectivity can do great things in blinding one to a wider reality."

Colin M. Turnbull

The Mountain People
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DESCRIPTIVE SfRATIGRAPHY OF THE FORT UNION
AND WASATCH FORMATIONS
Fort Union Formation

The Fort Union Formation is mapped as a narrow band of poor outcrops
approximately 8 km long in secs. 18, 19, 20, 28, 29, and 33, T. 52 N.,

R. 83 W., and secs. 4, 8, and 9, T. 51 N., R. 83 W. Outcrops recur west and
south of Kingsbury Ridge. Strong structural deformation and its effect on
depositional patterns during the Eocene is primarily responsible for the
intermittent, limited exposure of the Fort Union Formation in the study

area. This limited exposure of Fort Union strata is in sharp contrast to the
broad expanse of Fort Union outcrops observed elsewhere around the periphery
of the Powder River Basin.

The Tlithoiogy of the Fort Union is characterized by a lower sequence of
sandstones, siltstones, and mudstones and occasional thin carbonaceous shales
and an upper sequence dominated by conglomerate beds. The upper conglcmerate
member overlies older deposits with an erosional angular unconformity.
Contact relations between the lower Fort Union and the underlying Lance
Formation in Mowry Basin are unknown due to cover. Hose (1955, p. 67)
reported no unconformity between these two formations south of Kingsbury
Ridge. He also reported two laterally discontinuous conglomerate sequences in
the upper 275 m of the Fort Union: one east of the Billy Creek anticline and
the other 20 km south of this study area. However, at neither locality has he

reported an angular unconformity.

18



‘jowg oQ 9ve pue oleIIng JO 3S8M SUOFIBWIOS YOJESEBM puB UOTU[ 3JIX0J] 2yl
Jo soduenbas ejexaswoj3uod syl oy uwnjod o1ydex3T3eals pazyleiausd’) G aANIT]

xaddn

19

AP A AANA VYA
‘wg asueT S AT 0
i iteiilies R 3
(‘W 8°G9¢-0) 39T 0071-0 e
J9qUBLi A3MOT LSS 00€ 4 0001
. 2
— ey 0
(‘w 8°9gH%-0) I9°F 00%1-0 LT a0 \ it
Jaqusw ajeuduwo|buo) PG / 4
‘wi uotun 3x0d PORARSE o
N . 9
o.e.o.owgc \ wg duec
(‘w 6°€£42-0) 3993 008-0 SDEREAS \
Joquay 23exsuwol3uo) Lxngs3uTy QNAQMQ\fwo \
FPRSSIRN B ¢ g
T | ..~ 4000 \ | TFW eoTTRL o,
A e ‘wy 4
00040 -~ \ (= ~us oot uoTun 3I0Ji|a
D \ 5
. . a~ o s JA3qUIS ]
("w Z°79L-0) 3I®3F 00SZ-0 ooe°Oooooqu 19ATY Snbuog
sasua] o3jexawol8uod urlyl v v - i
yaim aduanbes pesuread-asautyg ~ 0000 ~" .
_ [ ‘wg |0
- . 0GOC . yojesepM %
At A - . o]
~ Qa0 ~ o
- ”\l .&\(0( .
. Mbo..co a, N
(*w 8°9z%-0) 3I®3F 00%1-0 0 @0% © poxe uTseq I9ATY I9pMOJ
A9quaj] FOTAOUOK cooo Ooo 4 Apnag ‘3sea pue yilaoN
. 0 0 P ol
wj yojese < >
d yojeseym 05% 0,
9 o

229 9 TINIVIONTHNON OIHAVIOIIVELS




Lower member

The Tower member of the Fort Union is éomposed of sandstones, silty
sandstones, siltstones, and mudstones. Aside from a few brown thin,
lenticular, resistive, ferruginous sandstones, these rocks are weakly
resistant to weathering. Colluvium, alluvium, and pediment gravels of
Quaternary age cover the member except where resistive sandstones form low-
lying ridges. The most prominent outcrops occur in the S 1/2 sec. 29,

T. 52 N., R. 83 W. (fig. 9). A few resistive ferruginous sandstones, but
virtually no other lithologies, crop out in sec. 19, T. 52 N., R. 83 W.

Dips within the Tower member vary greatly, ranging from 22° to nearly
vertical in sec. 19, T. 52 N., R. 83 W. Abrupt changes in dip appear to
result from faults which considerably displace lower Fort Union strata. The
most consistent dips are in sec. 29, T. 52 N., R. 83 W., thus permitting about
365 m of strata in the lower member of the Fort Union Formation to be measured
at this locality. The base of the Fort Union was arbitrarily placed below the
lTowermost outcrop of resistive ferruginous sandstone.

Abrupt lateral and vertical lithologic changes characterize the lower
member. The lenticular, ferruginous sandstones display decreasing grain size,
bed form, and cemen%ation upward. Both laterally and vertically, these
ferruginous sandstones grade into interbedded, poorly consolidated, gray,
poorly sorted, sandy siltstones, siltstones, and mudstones and yellowish-
orange, very fine-grained sandstones and silty sandstones. Locally, ripple
stratification can be discerned in the unconsolidated sandstones and
siltstones. These poorly consolidated deposits compose most of the lower

member.
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The ferruginous sandstones are 0.3-4.5 m thick and extend laterally from
a few meters to a few tens of meters. Where these sandstones crop out, one
can observe that they stack one atop another. The sandstones commonly are
separated by interbedded sandy siltstones, siltstones, and mudstones.

A typical outcrop of ferruginous sandstone is brown, very fine to coarse
grained, subangular to rounded, poorly sorted, trough cross-stratified and
limonite cemented. Chert and quartz are the dominant minerals composing the
sandstones. The sandstones exhibit scour bases and become finer grained
upward. Basal, 1- to 2-grain-thick, coarse-grained sandstone gives way to
medium- to fine-grained sandstone. Angular to subangular clay clasts,
commonly weathered out, cluster immediately above the scour and at the base of
individual crossbedded troughs near the base of the sandstone. Wood fragments
and Togs as much as 13 cm in diameter are common. Individual sets of trough
cross-stratification seldom exceed 0.6 m in thickness and generally decrease
in size upward. Direction of sediment transport is consistently toward the
northeast.

Conglomerate member

Prominent bed; of pebble to boulder conglomerate characterize the upper
member of the Fort Union. The ridges that enclose Mowry Basin on the
northeast, east, and southeast are predominantly conglomerate member deposits
capped by beds of the Kingsbury Conglomerate Member of the Wasatch
Formation. Strata of the conglomerate member also crop out at the base of

Kingsbury Ridge at its northern end.
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The conglomgrate member overlies older beds with erosional
unconformity. The greatest angularity, approximately 40°, is along the
boundary of secs. 18 and 19, T. 52 N., R. 83 W. The dip discordance is
approximately 20° in the SE 1/4 <ec. 29, T. 52 N., R. 83 W. In the NW 1/4
sec. 4, T. 51 N., R. 83 W., where the conglomerate is directly on the Lance
Formation, the dip discordance is too small to detect. At the north end of
Kingsbury Ridge, there is little change in dip but the contact is oblique to
the strike of the underlying lower member of the Fort Union Formaticn. The
conglonerate deposits show the greatest degree of unconformity where they are
most massive and extensive, as for example, at the northern and southern ends
of Mowry Basin. The least degree of unconformity occurs where the lower
member of the Fort Union is absent.

Because of truncation and onlap by the overlying Kingsbury Conglomerate
Member, the conglomerate member varies greatly in thickness. Thicknesses
range from zero meters where it pinches out against the mountain front or is
truncated by the Kingsbury at the northern and southern ends of Mowry Basin,
to approximately 430 m in the SE 1/4 sec. 29 and SW 1/4 sec. 28, T. 52 N.,

R. 83 M. |
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The conglomerate member consists of subangular to rounded, granule- to
boulder-size material composed dominantly of carbonate, chert, and sandstone
derived primarily from the Paleozoic formations that crop out to the west.
Sorting is very poor in the massive conglomerates. Very poor to fair sorting
is the rule where lenses of conglomerate represent a minor (less than
25 percent) portion of the total outcrop. In most localities, the boulders
are in grain contact while the matrix material apparently filled the voids
during and subsequent to the boulder deposition. Poorly sorted, subangular to
well-rounded, silt tc pebble-size quartz, chert, and carbonate grains compose
the matrix material. Very little clay is present.

A massive, tan to light-yellowish-orange boulder conglomerate more than
30 m thick forms a prominent cliff face, referred to locally as Castle Rock,
in N 1/2 sec. 19, T. 52 N., R. 83 k. The conglomerate is very poorly sorted,
with stratification often impossible to discern; it contains boulders as great
as 1.5 m in the long dimension (fig. 6). Reddish, poorly sorted sandstone
lenses appear toward the top and lateral to the massive boulder conglomerate
cliff face. Scour and fill structures can be observed where these lenses
occur (fig. 34). Along the southern edge of Mowry Basin in the NW 1/4 sec. 9,
T. 51 N., R. 83 W., a similar massive boulder conglomerate crops out, but is

less extensive.
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Directions of sediment transport were obtained by measuring cross-strata,
scour and fill structures, and the somewhat crude imbrication of flat pebbles
in the conglomerates. Paleocurrent directions around Mowry Basin display a
fanning of the paleodrainages from dominantly east-northeast on the north to
east-southeast on the south.

Previous investigators have not identified Fort Union strata underlying
the Kingsbury Conglomerate Member at the north end of Kingsbury Ridge. The
conglomerate member of the Fort Union west of Kingsbury Ridge (pl. 1) displays
stratigraphic and structural features which closely resemble those along the
eastern ridge flanking Mowry Basin. Sequences possessing basal conglomerates
which grade upward into increasingly finer grained strata and which frequently
show reddish coloration in the uppermost strata predominate. However, unlike
the Mowry Basin section where virtually all the detritus is derived from
Paleozoic and Mesozoic rocks, the Kingsbury Ridge section displays detritus
which came from sources in the Precambrian, Paleozoic, and Mesozoic rocks.

The angular unconformity between the conglomeraté member of the Fort Union
Formation and the overlying Kingsbury Conglomerate Member, identified
primarily by strike and dip changes and by vegetative patterns, is strikingly

similar to that at Mowry Basin (figs. 8 and 9).
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Braided stream environments

The braided channel systems (fig. 35) associated with the distal portions
of alluvial fans are interpreted to extend beyond the base of the alluvial
fans into the coal-bearing strata (fig. 32). These braided systems are
represented by the coarse sandstones, siltstones, mudstones, and thin coals
west of the Lake De Smet coal bed. Models and descriptions of braided stream
deposits from recent sediment studies are not as easiiy applied as are those
for alluvial fan or deltaic environments. Some of the characteristics listed
below have been frequently cited, while others have been infrequently observed
or reported or are in opposition to generally accepted criteria used to
identify braided stream deposits:

1. Figure 13 demonstrates repeated sequences of units becoming finer-grained
upward. A gradual coarsening of some sandstcones may occur near the top
of the unit. Pettijohn (1975, p. 549) notes a general absence of upward
decreasing grain size in mosi braided stream deposits.

2. Irregular scour surfaces occur within the channel deposit as well as
at the base.

3. Channel sandstones generally become finer grained upward. A few channel
deposits display increasingly coarse upward grain-size trends, while
others maintain a constant grain size throughout the sandstone. Weimer
and Erickson (1976, p. 127-137) noted that each genetic unit within the
upper and Tower members of the Lyons Formation (Permian), interpreted as
fluvial braided channel deposits, becomes finer grained upward.

4. Channel sandstones are very poorly sorted. A]ternatiné layers of coarse-
and fine-grained detritus in adjacent cross-bed laminations reflect

fluctuating water energies (fig. 35).
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5. Trough cross-stratification is the dominant sedimentary structure.

Ripple trough cross-stratification is common near the top of the channel
deposit.

6. Interbedded yellowish-orange sandstone and greenish-gray siltstone and
mudstone sequences, observed above, below, and lateral to the channel
deposits, are interpreted to be levee and crevasse splay deposits.
Coleman (1969, p. 230-232) reports numerous levee and crevasse splay
deposits in the Brahmaputra River alluvial plain.

7. Large volumes of siltstone and mudstone and minor concentrations of brown
shale rich in plant remains and coal are present. This is contrary to
virtually every reported modern or ancient analogue. Smith (1970,

p. 3010) and Pettijohn (1975, p. 549-550) cite the absence of significant
amounts of silt and clay as a criterion for identifying braided stream

deposits.
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The key to -identifying this environment as one characterized by braided
stream processes is with the channel deposits. The poor sorting of the
sandstones and the irregular scour surfaces which cut into the channel and
adjacent levee deposits suggest irregular fluvial energies and high sediment
transport accompanied by frequent channel shifting. These features are common
in modern braided stream environments.

Levee, crevasse splay, and swamp deposits are also present. As depicted
in figure 32, the alluvial fans are interpreted to have spilled onto an
alluvial plain. The braided stream systems operating in the distal regions of
the alluvial fans fingered out onto the alluvial plain where they were rapidly
engulfed. Betwean the stream channels, swamps flourished. The alluvial fans
built outward in a manner resembling that of deltas. The alluvial fans
periodically shifted their depocenters to satisfy the dynamics required to
transport and deposit the sediment Toads. These shifts of depocenters,
combined with subsidence, resulted in the formation of the interbedded
sequences that are identified as levee, crevasse splay, and swamp deposits

(fig. 37).
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Alluvial valley environments

Wasatch sedﬁments east of and including the Lake De Smet coal bed consist
of meander channel, levee, crevasse splay, paludal, and lacustrine deposits
(fig. 32). The pattern of increasingly finer grained sediments upward
(depicted in fig. 25), as well as the range of enviromments, is one commonly
attributed to alluvial valley or upper deltaic systems where meandering
streams flow. However, the last vestiges of the short-lived Cannonball Sea
exited from the northern Powder River Basin during the Paleocene (Mallory,
1972, p. 234-237). The location of the sea in geographic relationship with
the Powder River Basin during the Eocene is unknown. The Paleocene and Eocene
Golden Valley Formation in North Dakota is lithologically similar to the
Wasatch Formation in the Powder River Basin. Hence, during the Eocene, the
Powder River Basin may have been the site of either the upper reaches of a
vast deltaic complex or, more likely, a partially closed interior basin,
characterized by alluvial valley enviromments, which narrowed at th2 north
end, channeling its waters north onto an alluvial or deltaic plain. In either
case, economic coal deposits thin and disappear to the south (Keefer and
Schmidt, 1973). The study area is on the flank of the upper reaches of this

vast, poorly drained alluvial plain.
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The thick, very fine to medium-grained sandstones which show one to four
genetic units are interpreted to be meander channel complexes. Meandering of
the stream resulted in broad scour surfaces at the base of each unit.
Direction of sediment transport varies with each unit from east to southwest,
with the basin's principal paleodrainage system trending north-northwest
(figs. 36, 38).

Levee and crevasse splay deposits form adjacent to the channels
(figs. 32, 37). The characteristic lithologies of both types of deposits are
interbedded yellowish-orange sandstones and greenish-gray siltstones and
mudstones. Allen (1965a, p. 146; 1965 b, p. 571), Coleman (1969, p. 231),
Jacob (1973, p. 1043), and Weimer (1973, p. 71), in various studies of ancient
and modern sediment and stratigraphic sequences, have interpreted similar
deposits displaying vertical alternation between coarse and fine sediments tc
be levee and crevasse splay deposits. Weimer (1373, p. 71-72) reported that
crevasse splay channels exhibit scour surfaces and generally coarser grained
sequences close to the main channel, while their distal portions become finer
grained and merge with lacustrine or bay deposits and are virtually
indistinguishabie from them. Local concentrations of logs at the base of
sandstone units may indicate crevasse splay channel locations. However,
limited outcrops prevented verification of this interpretation in the Buffalo-

lLake De Smet area.
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‘Crevasse splays are the sites of more rapid rates of sediment
accumulation than are levees. Growth of levees generally keeps pace with the
rate of subsidence while crevasse splays build subdelta complexes adjacent to
the channels during peak flow periods. Modern studies of the Mississippi
River delta region indicate rapid lateral and vertical growth of crevasse
splay deltas {(Morgan, 1970, p. 113). Hence, evidence of rapid accumulation of
thick sediment sequences, such as tree trunks buried in their growth
positions, may well indicate sites of crevasse splay deposits. Jacob (1973,
p. 1042) describes buried tree trunks in interbedded coarse and fine sediments
in the Tongue River Formation of western Nofth Dakota, but he attributes
burial to rapid vertical growth of the levees. Climbing ripple
stratification, another indicator of rapid sedimentation, is common in both
environments, and results from peak flow periods which effect both
environments. Decrease in flow energy away from the channel produces rapid
sedimentation, particularly when the suspended Toad is high, thus creating aﬁ
excellent environment for the formation of climbing ripple stratification.

Flanking the levees and crevasse splays are the flood basins, whose
principal enviroments are swamps and lakes (figs. 32, 38). Dark-gray clays,
carbonaceous shales, and coals were deposited in poorly drained swamps where
the depositional interface was continuously under water. Fossiliferocus
mudstones and limestones indicate numerous freshwater lakes. The areal extent
of many of these beds indicates that the flood basin between channels often

covered hundreds of square kilometers.
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‘The ¢yclic repetition of these alluvial plain deposits indicates shifting
of the channel systems intc and out of the study area. When the stream
channel was diverted to the east, swamps and lakes formed in the region
previously occupied by the channel. The thickness of the coals, in some
instances more than 12 m, suggests that the life of any particular environment
in a given area was not always a short one.

TECTONICS AND SEDIMENTATION
Conglomerates and tectonics

Structural deformation and vertical facies changes in Upper Cretaceous
and lower Tertiary sediments record the history of the Laramide Orogeny along
the east flank of the Bighorn Mountains. During Late Cretaceous time,
regional epeirogenic uplift resulted in the gradual retreat of the Cretaceous
sea. Marine deposits were replaced by Tower alluvial plain and deltaic
deposits. Continued uplift created gentle warping of the crust, thus
producing topographically low highlands which began to provide local detrital
sources. This pattern of tectonic and sedimentary activity continued into

Paleoccene time.
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Isopdch naps (figs. -39; 4¢,-&1; 5y Curry (r977 p. 57 59) cuggest

sudden change in tecton1c and sed1mentat1on patterns in Paieocene t1me.> The
first evidence of local sediment.thickening in the Buffalo area (Curry, 1971,
- P 58) is recorded in Lebo—equ1va1ent Fort Unlon strata (flg. 40)

Deposition, with 10001 thickening in the Buffalo Lake De Smet area, cort1nued
into‘the early Eocena. - Outcrop exposures of stacked lower Fort Union
Terruginous sandstones (p. 15) at Mowry Basin support the interpretation thét
the region was tectonically unstable during their deposition.

Correlating Fort Union outcrops with the subsurface interpretations of
Curry (1971) is tenuous at best. The palynomorph identifications from the
lower member of the Fort Union in sec. 30, 7. 50 N., R. 82 W. imply that the
conglomerate member of the Fort Union and the sampled strata are roughly time-
equivalent with the upper portion of the Tongue River Member (Leffingwell,
1966, pl. 1) (fig. 5) mapped in the northern and eastern portions of the
Powder River Basin. Whether Paleocene strata of still earlier age exist in

the study area has not been determined.
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Figure 39: Isopach map of the Tullock Member of the Fort
Union Formation. No apparent thickening occurs
in the Buffalo-Lake De Smet area.
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Figure 40: Isopach map of the Lebo Shale Member of the Fort
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Buffalo-Lake De Smet area.
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Figure 5 and plates 1 and 2 suggest at least three major episodes of
strong tectonism during the Laramide Orogeny. Each episode, which recorded a
major pulse of uplift and basin downwarp activity, produced increasingly
steeper dipping sedimentary deposits (including the most recent conglomerate
sequence) along the mountain front, erosion, and subsequent deposition of a
new conglomerate facies.

Tectonics along the uplift-basin margin play a key role in the occurrence
and distribution of these conglomerates. Several associations between
structure and conglomerate occurrences can be made:

1. Conglomerates occur where structural relief bet :een the uplift and
basin blocks is greatest. |

2. Subsidence and accompanying deposition of Fort Union and Wasatch
strata {fig. 4) were greatest in the Buffalo-Lake De Smet area.

3. The greatest Bighorn Mountains flank deformation, including the local
thrust faults, occurs west of the Buffalo-Lake De Smet area.

4. A direct association is observed between the Tocation of the Moncrief
Member and the thrust tTaults (pl. 1).

5. Bull (1972, p. 76) hypothesizes that conglomerates resting on
upturned older deposits have their greatest thicknesses in the mid-fan area

and are products of tectonically active environments.
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The role tectonics played in the formation of the Moncrief deposits is
more easily understood and interpreted than its role in the formation of
conglomerates in the Kingsbury and in the Fort Union. Deformation of the
mountain flank prior to Moncrief deposition created anticlinal structures at
Mowry Basin and Kingsbury Ridge whose axes were oriented at large (but less
than perpendicular) angles to the Bighorn uplift's margin (pl. 1). Structural
evidence is best preserved east of Mowry Basin in Wasatch strata interpreted
to be older than Moncrief. Strata equivalent to the Moncrief in the cog]-
bearing facies of the Wasatch do not display comparable deformation. The hign
local topographic relief at the time of Moncrief deposit:on is partly the
result of this deformational episode.

The anticiinal structures at Mowry Basin and Kingsbury Ridge may identify
faults along which movement occurred during and after deposition of lower
Tertiary sediments. Weimer and Land (1972, p. 296-297) demonstrated that such
movenents would display a streng influence on local depositional patterns. As
a result of their stratigraphic study of the Lyons Formation near Golden,
Colo., Weimer and Land concluded that the thickest and coarsest sediments were
in the graben blocks and thinner, finer grained sequences were deposited on
the horst blocks. In the study area, the sites of Moncrief deposition are
between the anticlines or, in other words, in locations of projected graben
structures. Significantly, thrust faults exist opposite the graben
structures, perhaps because of the relatively greater vertical displacement

between the uplift and basin blocks.
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Simitar evidence to describe the tectonic and topographic controls during
the deposition of the Kingsbury and conglomerates in the Fort Union cannot be
generated. Limited outcrops, erosion, and the inability to establish a
suitable datum prevent detailed reconstructions. However, speculative
interpretation suggests that the Tocations of these Tertiary deposits are also
determined by mountain front tectonic patterns. The best examples are the
structural and depositional patterns displayed near Kingsbury Ridge. An east-
northeast linear trend can be traced from where the North Fork of Crazy Woman
Creek debouches from the mountains to Kingsbury Ridge midway between the
anticlinal and synclinal axes. This linear trend can be projected eastward to
T. 50 N., R. 80 W., where it ties into'an east-northeast fault mapped by Mapel
(1959). Thicker coals, as well as several local coal beds, occur north of
this fault. The coarsest and thickest Kingsbury deposits are along and to the
north of the linear trend. The interpretation is that an active east-
northeast~trending fault with the north side down was active during the Eocene
and that the Kingsbury and the thicker coals thus were deposited in the graben
block. The subsequent anticline developed as the result of later movement
along the same fault. Fault block relationships between uplift and basin
structures suggest relatively greater displacement between opposing uplift and

basin blocks opposite graben structures (fig. 42).
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Figure 42.--Schematic diagram illustrating interpreted relative movements
of basement fault blocks along the uplift-basin margin in the
vicinity west of and including Kingsbury Ridge during the
Eocene. Kingsbury Conglomerate Member and thicker coal deposits
form in the basin graben fault block.
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Coals and tectonics

Coal deposits are very sensitive to sédimentary and tectonic
influences. Weimer (1977, p. 10) summarized several geologic factors which
control the formation and thickness of coal deposits. His factors include:
(a) fresh, clear water conditions with 1ittle or no detrital influx; (b) the
accumulation of land-derived organics; (c¢) a balance between the ground water-
table and the depositional interface such that the swamp does not dry up, thus
permitting oxidation of the organics, or that the water does not become so
deep that a lake forms; (d) a favorable climate where abundant vegetation is
produced; and (e) a persistence of the;e conditions in t.me and space. The
last factor implies that sedimentation must equal subsidence for the swamp to
continue to flourish,

Given these constraints, some of the problems encountered in interpreting
and recreating thg depositional environment can be understcod. The thickness
of the Lake De Smet coal bed suggests an extremely long period of continuous
peat deposition. Weimer (1977, p. 10) suggests a compaction factor of 1.5 m
of peat to produce 0.3 m of bituminous coal. If one assumes 30-60 m of coal
for the Lake De Smet coal bed, then 150-300 m of peat were deposited. Weimer
(1977, p. 10) cited a 1970 study of the Klang-Langat delta of Malaysia by
Coleman, Gagliano, and Smith, in which the rate of peat accumulation was
detemmined to be 0.10 m of peat per century. Frazier and Osanik (1969, p. 78)
reported 0.15 m of peat accumulation per century in the Mississippi delta.
Assuming 0.15 m of peat accumulation per century and assuming comparable
accumulation rates, the life of the Lake De Smet coal swamp was 100,000-

200,000 years.
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The disposal of the coarse clastics shed from the uplift poses a problem
since no channel has been identified which‘would divert the clastics around or
through the swamp forming the Lake De Smet coal bed. Drill data do indicate
one area, sec. 10, T. 51 N., R. 82 W., where no coal was deposited (figs. 16,
17). Unfortunately, no lithologic or mechanical logs are available, and the
drill data in this area are of poor quality. A channel to the north or south
of the study area may be an alternate explanation,

Structural relationships suggest that the Lake De Smet coal bed is
correlative with the finer grained sediments immediately below the Moncrief
Member (fig. 5). If a constant 1°-5° dip is assumed for the Moncrief and
equivalent strata from the mouth of Clear Creek to Buffalo, the base of the
Moncrief can be projected to the upper portion of the Lake De Smet coal bed.
If this correlation is valid, a combination of increased tectonic activity and
increased coarse sediment influx can be inferred to have terminated the Lake

De Smet coal swamp.
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A unique feature of the Lake De Smet coal bed is its relatively straight,
linear orientation parallel to the axis of the basin and its proximity to the
Bighorn uplift, which was shedding coarse clastics. One possible explanation
establishing its position and length may be a postulated subsurface fault
which does not cut the Tertiary sediments (fig. 43). Foster, Goodwin, and
Fisher (1969), utilizing seismic data, proposed such a subsurface fault along
the length of the Powder River Basin from Casper to north of Buffalo. The
hypothetical fault plane is 6-30 km eastward from the mountain front, and near
Buffalo the fault may have separation of nearly 1220 m. However, its position
relative to the Lake De Smet coal bed is not known. Such a feature, active
during the Laramide Orogeny, would affeét local depositional patterns.

Relationships between tectonics and depositional patterns in the coal-
bearing strata are not well established or understood. A few faults cut the
coal-bearing strata (pl. 1) (Mapel, 1959). The graben drilled by the
U.S. Geological Survey and also by an oil company north of Lake De Smet
revealed post-depositional displacement. Increased dips along the east shore
of Lake De Smet apparently resulted from drag along a fault. A few east-
northeast faults can be traced for short distances in outcrops. These, too,

appear to be post-depositional.
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Figure 43: Block diagram showing the proposed relationships
between faulting and sedimentation during Moncrief depo-
sition. The uppermost coal bed east of the Lake De
Smet coal bed is the Healy. B = Buffalo; L. De S. =
Lake De Smet, ‘
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Lack of outcrops and of close surface and subsurface controls prevent an
analysis of the effects of differential compaction among the various
1ithologies. One obvious anticlinal structure was mapped in sec. 15,

T. 52 N., R. 82 W., immediately south and nearly perpendicular to an east-
northeast-trending fault system. The anticline may be due to tectonic stress
or to a differential compaction feature formed in a manner similar to one
described by Law (1976) in the Gillette, Wyo., area.

The structures Mapel superimposed on the coal beds similarly arc
difficult to evaluate. In T. 50 N., R. 80 W., a fault and a paralleling
synclinal structure in the Jowndropped block are closely associated. However,
it is suggested that these structures may have resulted from both differential
compaction features and post-depositional tectonic movements.,

Utilizing Mapel's data (1959), isopach maps of the Murray, Lower Cameron,
Upper Cameron, and Schuman coal beds and of the clastic interval between the
Lower and Upper Cameron coal beds were made in order to study the vertical and
lateral thickness changes (figs. 44, 45, 46, 47; 48). These data cover an
area northeast and east of the study area. Rapid changes in thicknesses of
coal beds are evident and Tocal thickening within successive coal sequences
are vertically offset. The significance of these changes and offsets in the
frame of regional tectonics is uncertain because the isopached area is
small. It would appear the local tectonics were relatively stable, with
differential compaction of the varying lithologies providing the main control
on the depositional patterns. Thick clastic wedges, in time, would constitute
local highs as a result of differential compaction, thus shunting a succeeding

fluvial invasion into a region formerly occupied by a coal swamp.
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Figures 46 and 47 display én interesting pattern. Little or no coal in
the Upper Cameron horizon was deposited whefé the clastic sequence between the
Lower and Upper Cameron coal beds is the thickest. Conversely, thick coals
are present where the clastic interval is thinnest. This pattern suggests
that the Upper Cameron coal bed may be a back-levee swamp with the channel and
levee deposits represented by the thick clastic sequence. Coal swamps flanked
the thick clastic wedge on both its east and west margins, as shown by the
thick coals.

CONCLUSIONS

1. The presence of boulder conglomerates adjacent to an uplift with
laterally correlative coal deposits a few kilometers away is not a
relationship unique to the Buffalo-Lake De Smet area. Knight (1951, p. 50-51)
reported 4115 m of conglomerates of alluvial fén origin in the Ferris, Hanna,
and Wind River Formations along the northern edge of Hanna Basin, Wyoming.

The Eocene Wind River Formation possesses boulders up to 3 m in diameter but
grades laterally into coal-bearing strata 6 km away. The Eocene conglomerates
unconformably overlie older conglomerates, but the unconformity disappears
basinward where both the Ferris, Hanna, and Wind River strata are
litholegically coméarable. Field evidence suggests that thrust faulting on
the uplift side of the conglomerates began prior to the deposition of
conglomerates>in the Wind River and continued during and after their
deposition. Descriptive similarities between the two areas are striking.

2. The depositional environment of the Wasatch in the Buffalo-Lake De
Smet area is that of an alluvial fan complex adjacent to a mountain uplift

that fronts directly onto a poorly drained alluvial plain.
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‘3. The coals formed in a back~levee or flood basin swamp marginal to
leveed channels in an alluvial valley environment.

4, The Lake De Smet coal bed is along the western margin of an alluvial
plain, To the west are small lenses of conglomeratic sandstones representing
braided éhanne]s emanating from the alluvial fans. To the east, thick broad
sheets of very fine to medium-grained sandstones represent meander channel
deposits.

5. The Lake De Smet coal bed's thickness and its linear orientation
parallel to the trend of the basin may mark the Tocation of a subsurface fault
of large separation. It is postulated that the fault was active during Eocene
time and played a prominent role in the origin of the Lake De Smet coal
sequence,

6. The Lake De Smet coal bed splits eastward into five major, mappable,
potentially economic coal beds. From oldest to youngest, these coal beds
include the Ucross, Murray, Cameron, Healy, and Walters.

7. Braided stream deposits are characterized by levee and paludal
deposits. Normally, braided stream deposits are not characterized by these
fine-grained sequences of sediment. However, an unstable tectonic environment
coupled with shifting alluvial fan depocenters served to preserve many fine-
grained deposits.

8. Palynomorph identifications indicate the Lake De Smet coal bed is
early Eocene in age.

9. Palynomorph identifications indicate a late Paleocene age for the
upper portions of the lower member and for the conglomeraté member of the Fort

Union Formation.
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10, Structural evidence and analogy to other Laramide depositicnal
sequences suggest that the Moncrief is Eocene and is an upper conglomerate
member of the Wasatch Formation.

11. The location of the Moncrief conglomerates is interpreted to be a
result of block-fault movements. The conglomerates were deposited on the
downdropped blocks. Deformation prior to the Moncrief deposition formed
anticlines which are interpreted to have formed in response to movement of
basement blocks. The Kingsbury Conglomerate Member of the Wasatch and

conglomerate member of the Fort Union are inferred to have similar origins.
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